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of rotation of the turbocharger 62, a 
detector (44) detects whether or not the 
engine is knocking, and a control circuit 
(100) incorporating a microcomputer 
calculates the degress of opening of 
intake and exhaust by-pass valves (92 
and 68) in accordance with a stored 
program and provides the digital sig- 
nals for driving by-pass valve actuators 
(90 and 70). The turbocharger is driven 
during medium and high-speed opera- 
tion, as well as acceleration, to thereby 
increase the engine output, whilst the 
turbocharger isprevented from consti- 
tuting a resistance against the intake air 
flow in the low-speed operation of the 
engine in which there is no substantial 
supercharging effect and from over- 
speeding. An airflow rate sensor (24) 
and a throttle valve position sensor 
(148) provide inputs to the control cir- 
cuit (100) thereby to adjust the tur- 
bocharger for acceleration and deceler- 
ation. 
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SPECIFICATION 

A supercharger control apparatus 

5 The present invention relates to an apparatus for controlling a supercharger for internal combustion engines 5 
and, more particularly, to an apparatus for controlling a supercharger having an intake by-pass valve and an 
exhaust by-pass valve. 

In order to improve fuel consumption and output characteristics of internal combustion engines, the use of 
- a supercharger employing a compressor driven by the energy possessed by the exhaust gas has been found 
10 effective. Supercharging is usually adopted in order to increase the engine output during the high-speed 10 
operation of the engine. In some cases, however, supercharging is used to compensate for a shortage of 
torque in medium and low speed operation ranges of the engine. In these cases, there is the danger that the 
supercharging pressure may become excessively high so as to cause damage to the engine. 

In order to avoid this problem, it has been proposed to use a by-pass valve for by-passing part of the 
1 5 exhaust gas supplied to the exhaust gas turbine in order to suppress an increase in supercharging pressure 15 
during high-speed operation of the engine. In this case as disclosed in the specification of U.S. Patent No. 
4,120,156, the exhaust by-pass valve is opened by the force produced by the supercharging pressure. Thus, 
this control of the supercharging pressure is carried out only during high-speed operation of the engine. In 
the specification of U.S. Patent No. 4,207,743 there is described a system wherein an intake by-pass valve 
20 which communicates with the suction and delivery sides of the compressor during acceleration is employed. 20 
The by-pass valves described in these patent systems are intended for operation only in specific conditions 
of engine operation. Using such mechanisms it would be difficult and require a complicated mechanism to 
produce a system operable in response to all states of engine operation by aggregating these by-pass 
valves. 

25 According to the present invention there is provided a supercharger control apparatus for use with an 25 
exhaust gas turbine system driven by the energy of the exhaust gas from an internal combustion engine and 
being coupled with a supercharger compressor driven by said turbine, and which is coupled to a fluid intake 
system of the engine to supercharge the engine, the system having a controllable exhaust gas by-pass 
mechanism for controlling the supply of exhaust gas to said turbine; said supercharger control apparatus 

30 including: 30 

(a) first means for monitoring the operation of said engine; 

(b) second means for monitoring a prescribed operational characteristic of said supercharger; 

(c) third means for storing data representative of the degree to which said exhaust by-pass mechanism 
bypasses exhaust gas from said turbine in relation to the state of operation of said engine and said 

35 supercharger; 35 

(d) fourth means, coupled to said first, second and third means, for generating control signals for 
controlling the operation of said exhaust gas by-pass mechanism in response to data stored by said third 
means and accessed in accordance with outputs of said first and second means; and 

(e) fifth means for coupling control signals generated by said fourth means to said exhaust gas by-pass 

40 mechanism and thereby control the supply of exhaust gas to said turbine. 40 
Thus, it is possible to control the supercharger in accordance with the condition of operation of the engine, 
by making efficient use of a microcomputer. In particular, the intake loss during the low speed operation of 
the engine is reduced whilst attaining a high supercharging gain in the high-speed operation of the engine. 
In addition, it is possible to improve the acceleration performance and to protect the supercharger and 
45 engine during deceleration. 45 
Moreover, since the control relies upon a feedback control upon detection of the revolution speed of the 
supercharger, it is possible to detect accurately and with a good response time the state of the supercharger 
over the entire region of engine operation to attain the expected characteristic of control, as compared with a 
conventional system in which the control is based upon detection of the supercharging pressure. 
50 The present invention will now be described in greater detail byway of example with reference to the 50 
accompanying drawings, wherein :- 
Figure 1 shows a preferred form of control system for controlling a supercharger of an internal 
- combustion engine; 

Figure 2 is a sectional view showing details of the supercharger in the system shown in Figure 1 ; 
55 Figure 3 shows details of a detector for detecting the revolution speed of the supercharger in the system 55 
shown in Figure 1 ; 

Figure 4 is a graph illustrating the output of the detector shown in Figure 3; 
Figure 5 is a block circuit diagram showing details of the control circuit as shown in Figure 1; 
Figure 6 is a flow chart showing the basic arrangement of the program system; 
60 Figures 7 and 8 are flow charts illustrating the process flow of the task dispatcher; 60 
Figure 9 is a graph illustrating the control characteristic of the supercharger in relation to engine revolution 
speed; 

Figure 70 is a graph illustrating the controlling characteristics for intake by-pass valve and exhaust by-pass 
valve during acceleration and deceleration; 
65 Figure 11 is a graphical map illustrating the operation characteristic of a compressor, for explaining the 65 
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controlling characteristic during acceleration and deceleration; 

Figure 12 shows two waveforms which illustrate the output from a knock sensor; 

Figure 73 is a flow chart showing the flow of the processing of the knock signal; and 

Figure 14 is a flow chart showing the flow of the processing of control of the supercharger. 
5 Figure 1 shows the overall structure of a spark ignition internal combustion engine (hereinafter referred to 
simply as "engine"). Referring to Figure 1 , intake air is supplied to a cylinder 8 through an air filter 2, throttle 
chamber 4 and an intake pipe 6, whilst exhaust gas generated as a result of combustion in the cylinder 8 is 
discharged into the atmosphere through an exhaust pipe 1 0. 

The throttle chamber 4 is provided with an injector 12 for injecting fuel to form an air-fuel mixture which is 
10 supplied to the combustion chamber in the cylinder 8 as an intake valve 20 opens. The fuel is supplied from a 
fuel tank 30 to the injector 12 through a fuel pump 32. 

An air passage 22 is formed at the upstream side of a throttle valve 14 in the throttle chamber 4. A hotwire 
element 24 constituting a thermal type airflow meter is located in the air passage 22. This hotwire element 
24 produces an electric signal which changes in accordance with the change in the flow velocity of air, i.e. 
15 determined by the relationship between the rate of cooling effected by the flowing air and the rate of ' " 15 
generation of heat by the hot wire element 24. The fully closed state of throttle valve 14 is detected by a 
throttle sensor 148. 

A distributor 40 is provided with a crank angle sensor 42 adapted to produce, respectively, a reference 
angle signal at a predetermined reference crank angle and a position signal at a constant crank angle 
20 interval, e.g. 0.5°. 

A knock sensor 44 attached to the cylinder 8 is adapted to detect abnormal ignition, i.e. knocking, in the 
engine. 

A control circuit 1 00 consisting of a microcomputer is provided to carry out arithmetic operations upon 
receipt of various signals such as the outputs from the hot wire element 24, knock sensor 44, X sensor 46, 

25 crank angle sensor 42, cooling water temperature sensor 56, and the output from a compressor rotation' 
speed detector 65 which will be described later. The injector 12 and an ignition coil 58 are activated in 
accordance with the outputs from the control circuit 1 00. A spark plug (not shown) in the cylinder 8 is 
supplied with a high voltage by the distributor 40 in accordance with the ignition timing. An exhaust gas 
recirculation control valve 60 is provided as shown; this valve hereinafter being referred to as "EGR valve". 

30 In order to improve the fuel consumption and to increase the engine output through the recovery of the " 30 
energy discharged in the exhaust gas, the engine incorporates a supercharger 62 arranged in the intake and 
exhaust systems. The supercharger 62 includes a turbine 64 adapted to be driven by the exhaust gas from 
the engine so as to drive a compressor 66 mounted on the same shaft as the turbine 64 to thereby 
supercharge the engine. The pressure of the supercharged air is determined by the revolution speed of the 

35 turbine 64 and the flow rate of the air. An excessively high supercharging pressure may cause a breakdown 35 
of the engine, while a too low pressure may cause an increase in fuel consumption and reduction of engine 
output. 

In order to effect an optimum control of the supercharger, an exhaust by-pass passage 67 is provided, so 
as to control the rate of introduction of the exhaust gas to the turbine 64 of the supercharger 62. The exhaust 

40 by-pass passage 67 is arranged to be opened and closed by an exhaust by-pass valve 68 which, in turn, is 40 
controlled by an actuator 70. 

An intake by-pass passage 91 is provided on the compressor side of the supercharger 62. This passage 91 
is arranged to be opened and closed by an intake by-pass valve 92 which, in turn, is actuated by an actuator 
90. Also, a compressor speed detector 65 is provided for detecting the speed of rotation of the compressor 

45 66. 4 ^ ^ 45 

Referring now to the details of the supercharger and the control mechanism shown in Figure 2, the 
supercharger 62 has a compressor block 62C, bearing block 62B and a turbine block 62T. The actuator 70 for 
actuating the exhaust by-pass valve 68 includes a solenoid 72 and a connecting rod 73. The solenoid 72 has a 
plunger 74 which is normally biased by a spring 76 so as to close the exhaust by-pass passage 68. 

50 A transistor 80 is arranged between an electromagnetic coil 78 and a voltage source 79. For a pulse current 50 
of a high frequency, having a period of an order of 10 m sec applied to the base electrode of the transistor 80, 
the stroke of the plunger 74 is determined in accordance with the ratio of the length of time in which the 
pulse current is supplied in each cycle to the time length of one cycle T ON /T. This ratio will hereinafter be 
referred to as the "on-duty". The on-duty is calculated by the control circuit 100. An amplifier 82 is provided 

55 between the control circuit 1 00 and the base electrode of the transistor 80. 55 
The actuator 90 for actuating the intake by-pass valve 92 is provided with a solenoid 93 of similar 
construction to that of the actuator 70, and is controlled by the output from the control circuit 100. 

Referring to Figure 3, the compressor speed detector 65 includes a core 651 mounted in a cavity 650 
formed in the compressor block 62C, a coil 652 wound around the core 651 and a permanent magnet 654 

60 fixed to the shaft 653 of the supercharger. The signal delivered from th terminals 655 of the coil 652 is 60 
amplified by an RC resonance circuit 656 to provide an output waveform Vnc as shown in Figure 4. It should 
be noted that it is possible to obtain a sine wave output having a frequency which is directly proportional to 
the speed of rotation of the supercharger. This output is shaped into a pulse signal and delivered to the 
control circuit 100. 

65 Referring now to Figure 5 the control circuit 100 includes a CPU (Central Processing Unit) 102, read-only 65 
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memory 104 (ROM), random access memory 106 (RAM) and an input/output circuit 108. The CPU 102 carries 
out arithmetic operations on the basis of the input data input through the input/ouput circuit 108 in 
accordance with various programs stored in the ROM 104, and returns the result of the calculations to the 
input/output circuit 108. The intermediate memory necessary for the arithmetic operations is stored in the 
5 RAM 106. The exchange of data between the units comprising CPU 102, ROM 104, RAM106 and input/output 5 
circuit 108 is conducted through a BUS line 110 which includes a data BUS, a control BUS and an address 
BUS. 

The input/output circuit 108 includes input means containing a first analog-to-digital converter (ADC^, a 

- second analog-to-digital converter (ADC 2 ), an angle signal processing circuit 126 and a discrete input/output 

10 circuit (DIO) 170 for inputting and outputting 1-bit data. 10 
A multiplexer 120 (MPX) receives output signals from cooling water temperature sensor 56 (TWS), air 

- temperature sensor 112 (TAS), throttle valve angle sensor 116 (0THS), X sensor 46 (X.S) and a supercharger 
speed sensor 65 (NTc). The multiplexer 120 selects one of these output signals and delivers the same to an 
analog-to-digital conversion circuit 122 (ADC) the digital output from which is coupled to a register 124 (REG) 

15 and stored by the latter. 15 
The output from the hot wire element 24 (AFS) is supplied to the analog-to-digital converter ADC2, and is 
converted into a digital signal through an analog-to-digital conversion circuit 128 (ADC) and is stored in a 
register 130 (REG). The crank angle sensor 42 (ANGS) delivers to the angle signal processing circuit 126 a 
reference crank angle signal (REF) representing a reference crank angle such as 180° and a crank angle signal 

20 (POS) representing a small crank angle such as 1°. These signals are shaped in the angle signal processing 20 
circuit 126. 

The output from the knock sensor 44 is counted after using a software timer 127 (S timer). 
The DIO 170 is arranged to receive outputs from an idle switch 148 (IDLE-SW), and a starter switch 152 
(START-SW). 

25 An explanation will now be given as to the pulse output circuit which is controlled in accordance with the 25 
results of the arithmetic operation performed by the CPU 102. An injector control circuit 134 (INJC) converts 
the digital value into a pulse signal as a result of the arithmetic operation. Thus, the INJC 134 produces a 
pulse having a pulse width corresponding to the rate of the fuel injection. This pulse is supplied to the 
injector 12 through the AND gate 1 36. 

30 An ignition pulse generating circuit 138 (IGNC) has a register (ADV) for setting the ignition timing and a 30 
register (DWL) for setting the timing of the energization of the primary winding of the ignition coil 58. These 
data are set by the CPU 102. The IGNC 138 generates pulses in accordance with the set data and delivers the 
pulses through an AND gate 140 to an amplifier which energizes the ignition coil 58. 
The rate of opening of the exhaust by-pass valve 68 is controlled by the pulse which is delivered by a 

35 control circuit (SCEC) 142 to the actuator 70 through an AND gate 143. TheSCEC 142 has a register SECD for 35 
setting a value representing the duty of the pulse and a register SCECP for setting the period of repetition of 
the pulse. 

The opening and closing of the intake by-pass valve 92 is controlled by a pulse which is delivered by a 
control circuit (SCIC) 144 to the actuator 90 through an AND gate 145. The SCIC 144 has a register SCICDfor 
40 setting the value representing the duty (1 or 0) of the pulse. 40 
An EGR control pufse generating circuit 1 54 (EGRC) for controlling the EGR control valve 60 has a register 
EGRDfor setting a value representing the duty of the pulse and a register EGRP for setting a value 
representing the period of repetition of the pulse. The output pulse from the EGRC 154 is delivered through 
an AND gate 1 56 to a transistor (not shown) for energizing the EGR control valve 60. 
45 The 1-bit signal is controlled by the circuit DIO 170. An IDLE-SW 148 and a START-SW signal 152 are its 45 
input signals. The DIO 1 70 has a register DDR for determining whether the terminal should be used as the 
input terminal or output terminal, and a register DOUT for latching the output data. 

The register 160 is a register (MOD) adapted to hold commands for various states in the input/output 
circuit 108. For instance, by setting commands in this register, the AND gates 136, 140, 143, 145 and 156 are 
50* turned on or off. Thus, it is possible to control the stopping and starting of outputting signals by the circuits 50 
INJC 134, IGNC 1 38, SCEC 142, SCIC 144 and EGR 154 by setting the command in the MOD register 160. 
Figure 6 shows the basic flow chart of the program system of the control circuit 100 shown in Figure 5. An 
- administration program 600 for administrating a task group includes an initial processing program 202, a 
knock signal processing program 205, an interruption processing program 206, a macro processing program 
55 228 and a task dispatcher 208. The initial processing program 202 is a program for effecting pre-processing 55 
for operating the microcomputer. This program makes processing operations such as the clearing contents 
of the RAM 106, the setting of initial values of registers in the input/output interface circuit 108 and deriving 
input information for preprocessing as necessary for control of the engine. 
When an interrupt 500 occurs, determination is made at the next step 502 as to whether the interruption 
60 demand is NMI or IRQ. Where the interrupt demand is NMI, a knock signal processing program 205 is 60 
executed at the next step. The interrupt processing program receives various interrupts and makes an 
analysis of the reasons of the interrupts. The program 206 then delivers to the task dispatcher 208 starting 
demands for starting necessary tasks in the task groups 61 0 and 624. 

In the initial interrupt processing operation 602 (referred to as the INTL interrupt) of the interrupt process, 
65 the program 206 produces, in accordance with the initial interrupt signal generated in synchronism with the 65 
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engine operation, initial interrupts of a number which is a half of the number of cylinders per crank shaft 
revolution of the engine. In the case of a four-cylinder engine, two initial interrupt demands are generated for 
each crankshaft revolution. The EGI task 612 calculates the fuel injection time in accordance with these initial 
interrupts and sets the thus calculated injection time in the register of the INJC 134. An AD conversion 
5 interrupt processing 604 makes clocks the input point to the multiplexer 120 in relation to the ADC 122 and 5 
starts the A-D conversion. After the completion of the conversion, the process 604 produces an ADC! 
interrupt. 

The ADC 1 28 is used for the input AFS and produces an ADC2 interrupt after the completion of the 
conversion. These interrupts are used only before cranking. 

10 Thereafter, the interval (INTV) interrupt procressing program 606 produces an INTV interrupt signal at a 10 
period set in the (NTV register, e.g. every 10 m sec. This signal is used as the basic signal for monitoring the 
tasks which are to be started at predetermined periods. The renewal of a software timer is effected by this 
interrupt signal, to initiate the task the operation period of which is reached. 
Task numbers representing preference are alloted to tasks in the task group. Each task may belong to any 

15 one of the task levels 0 to 2. The tasks belonging to the level 0 include an air signal processing task (referred <| 5 
to as AS task) 610, a fuel injection control task (IGN) 612, an ignition timing control task (IGN) 613 and a 
supercharger control task (SC task) 614. Also, tasks belonging to the level 1 include an ADI input task 
(referred to as ADINI task) 616, an 02 feedback task (02 F/B task) 617 and a time coefficient processing task 
(referred to as AFSIA task) 618. Further, tasks belonging to the level 2 include an exhaust gas recirculation 

20 control task (referred to as EGR task) 620, a correction calculation task (HOSEI task) 622 and a start 20 
preprocessing task (1NSTRT task) 624. 

The allotting of task levels and task functions are summarized in Table 1 . As will be seen from Table 1 , the 
starting periods of various tasks arranged to be started by various interrupts are determined beforehand. 
This information is stored in the ROM 104. 

25 The task dispatcher 208 receives the starting demands of the various interrupts referenced above and 25 
determines the time of occupation of the CPU 102 in accordance with the order of preference 
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allotted to the tasks corresponding to the starting demands. 

Figures 7 and 8 show a processing flow chart of the task dispatcher. Referring to Figure 7, as the 
processing of the task dispatcher program is commenced at step 300, a determination is made at step 302 as 
to whether any tasks belonging to the level f are being executed. Namely, if the status of the execution bit is 
5 "1 ", this means that the task dispatcher 208 has not yet received the task completion report from the 5 
macro-processing program 228, i.e. that the task under execution has been interrupted by an interrupt 
having a higher preference. Therefore, when a flag "1 " is set as the execution bit, the process jumps to the 
step 314 to start again the interrupted task. 

On the contrary, when the flag "1" is not set as the execution bit, i.e. when the execution bit is reset, the 

10 process is shifted to the step 304 to make a determination as to whether there is any task waiting forthe 10 
starting in the level / . Namely, the starting bits of the level f are searched in accordance with the order of 
preference of execution. If no flag "1 " is set as the starting bit belonging to the task level the process is 
shifted to the step 306 to effect the renewal of the task level. Namely, an increment of 4- 1 is effected to 
provide a new task level t " + 1 . After the renewal of the task level in the step 306, the process proceeds to the 

15 step 308 where a determination is made as to whether all the levels of the task level have been checked or 15 
not. Where the check of all levels has not been completed, i.e. where f does not equal "2", the process is 
returned to the step 302 to repeat the above-described procedure. On the contrary, if the completion of the 
check of all levels is confirmed at the step 308, the process proceeds to the step 310 to allow an interrupt to 
occur. Namely, an interrupt is prevented in the process between the steps 302 and 308, and the inhibiting of 

20 the interrupt is removed in the step 310. Then, the process proceeds to the step 312 to wait forthe next 20 
interru pt. 

If there is any task awaiting execution at the task level t in the step 304, i.e. if the flag "1 " is set as the 
starting bit belonging to the task level €, the process proceeds to step 400 (Figure 8). In the loop of the steps 
500 and 502, a search is made in accordance with the order of preference to find any flag "1" set as the 
25 starting bit of the task level (\ If any starting bit having the flag "1 " is found, the process proceeds to the step 25 
404 in which the starting bit having the flag "1" is reset and the flag "1" is set in the execution bit (hereinafter 
referred to as an R bit) of the corresponding task level Furthermore, the step 406 indexes the starting task 
number and the start address information of the corresponding starting task is derived from the start 
address table set in the RAM 106 in the step 408. 
30 Then, at the step 41 0, a determination is made as to whether the corresponding starting task is to be 30 
executed or not. More specifically, a decision is made as to whether the execution of the task is unnecessary 
if the desired start address information takes a specific value such as "0".This determination is necessary for 
providing the functions of only selected tasks, the selection being made according to the type of engine. 
W iere a decision is made at the step 410 to stop the execution of the corresponding task, the process 
35 proceeds to the step 414 to reset the R bit of the corresponding task level €. The process is then returned to 35 
the step 302 where a determination is made as to whether the task level € is being suspended. There is a 
possibility that a plurality of starting bits have flags. Therefore, the process proceeds to the step 302 only 
after resetting of the R bit in the step 414. 

On the other hand, when a determination at the step 410 is carried out as to the execution of the task, the 
40 process proceeds to the step 412 and executes the task later. 40 
Figure 9 shows the relationship between the speed of rotation of the supercharger NS and the stroke or 
opening degree of the intake by-pass valve (SS) and the exhaust by-pass valve (Sc) when the exhaust 
by-pass valve is fully closed whilst the speed of the supercharger is still low, all of the exhaust gas being 
supplied to the turbine to obtain a supercharging effect on the engine. 
45 As the speed of rotation Ns of the supercharger exceeds a predetermined level N 2 , the opening degree, Sc 45 
of the exhaust by-pass valve 68 is increased in accordance with an increase in the speed of rotation of the 
supercharger, to suppress the increase of the supercharging pressure. The exhaust by-pass valve 68 is fully 
opened when the speed of the supercharger is increased to N 3 , so that damage to the engine due to an 
excessive supercharging pressure is avoided. 
50 Feedback control is effected at a predetermined width as to the opening degree of the exhaust by-pass 50 
valve 68, in accordance with the state of occurrence of knocking in the engine. 

The intake by-pass valve 92 is fully opened when the speed of rotation Ns of the supercharger is below a 
predetermined level N\ (Nn<N2), in order to prevent intake air from flowing through the compressor 66 in the 
region of engine operation where no supercharging effect is available, to thereby decrease the resistance to 
55 the flow of intake air. 55 
When the speed of rotation of the supercharger is increased beyond the normal speed to an abnormally 
high speed N 4 , the intake by-pass valve 92 is fully opened to protect the engine. 

It is possible to arrange the intake by-pass valve 92 such that it is normally opened and closed only when 
the solenoid 93 is energized, as shown in Figure 2. This arrangement ensures safety because no substantial 
60 problem arises even when a fault occurs in the control circuit or the solenoid 93 e.g. a short-circuit in the coil. 60 
The above-described control of the engine applies to the steady state condition of the engine. In the 
transient period of engine operation, control is effected in a manner shown in Figure 10. During the 
acceleration period (a), the intake and exhaust by-pass valve are closed for a predetermined time in order to 
assist in the smooth acceleration of the engine. However, when the engine is accelerated from a state of high 
65 supercharging pressure, the degree of opening of the exhaust by-pass valve 68 is controlled so as to 65 
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suppress the rate of increase of the compressor speed Nc to thereby prevent the breakdown of the engine 
Le to an abrupt increase of the supercharging pressure. The details of th.s control wll be explained later. 
During deceleration ®, the intake and exhaust by-pass valves are opened for a predetermined tae. 

Figure 1 1 shows a compressor graphical map of the supercharger and the operation curve of the same 
during full throttle opening operation of the engine. Symbols NE and N represent, respectively, the 5 
revolution speed of the engine and the efficiency of the supercharger. A broken line curve S shows the 
surging line In the steady state condition of engine operation, the supercharging pressure (pressure ratio) is 
controlled in relation to the flow rate Q a of air in accordance with the characteristic curve A. 

In the region to the left of the surge line S, the separation of air from the surface of the impeller of the 
compressor 66 takes place to generate large noise. This pheonomenon may lead to a breakdown of the 10 
impeller. It is therefore, necessary to prevent the operation state from occurring in the region to the left of the 

SU For instance the airflow rate Q a is decreased as the engine is decelerated after an acceleration in the 
characteristic B. If deceleration is started from the state in which the supercharging pressure is i about 350 
mm Ha the flow rate Q a of intake air is decreased while the supercharging pressure provided by the 15 
compressor 66 is not decreased, as is shown by the curve C 1( so that the operational state will pass into the 

reaion on the left of the surge line S. 

?n order to prevent this from happening, it is necessary to decelerate the compressor 66 as quickly as 
possible as shown by the characteristic curve C 2 . This can be best achieved by fully opening the exhaust 
by pass valves in orderto release the exhaust gas coming into the turbine case 62T while perm.tt.ng the 20 
intake air to by-pass the compressor 66. 

If the exhaust by-pass valve 68 is fully closed during the acceleration to high-speed running, the 
supercharger will be accelerated to an excessively high speed as shown by the curve C3, so that it is 
preferable to open the by-pass valve 68 to realize the characteristic as shown by the curve C 4 . 
25 With reference now to Figure 12, the output signal from the knock sensor mcludes, as w.l be seen from the 25 
waveform (F), knock signals such as a light knock signal F, and a medium sized knock signal F 2 , a spurious 
Sgna z and an ignition signal noise Ig. A processing circuit is provided to pick up only the knock signals F out 
of these signals in orderto obtain a pulse train signal KNCK, which effect.vely detects only the signals F n and 

F2 Fiaure13showsaprogramforprocessingoftheknocksignalsKNCK.TheCPU 102 conducts a series of 30 
operations such as detecting the pulse train signal KNCK, generation of an interruption NM I in 
synchronization with the first pulse train, counting of the software timer 127 (S timer), counting the number 
of pulses of the pulse train KNCK counted during starting of the S timer and an arithmetic operat.on for 
ootimizina the supercharging pressure in accordance with the counted value. 

A nhe ZZuptNW takes place at the step 521 , a counter CNTR (not shown) in the RAM 106 starts the 35 
counting at step 522. The contents of the counter CNTR are increased by + 1 and renewed at each time of 
receipt of the pulse of the knock signal. Then, at the next step 523, a determination is made as to whether the 
S timer 127 has been set or not, by means of the flag. 

However, since the S-timer is not set in the case where no knocking takes place, the process proceeds to a 
step 524 at the moment at which the first pulse of the knock signal KNCK is detected, and a timer set 40 
execution report is made. Then, at a step 525, the S-timer is started by the first pulse of the knocks.gnal 
KNCK and the contents of the same are renewed. Then, at a step 526, a determination is made as to whether 
the contents of the S-timer have reached a predetermined value. 
Where the predetermined value has not been reached, the process returns to the step 525 so that the 
45 contents of the S-timer are renewed. During the starting of the S-timer, renewa of the contents of th.s timer 45 
is effected by a loop constituted by the steps 525 and 526. During the starting of the S-t.mer, pulses of a 
number corresponding to the degree of the knocking are fed into the counter CNTR .n the form of a pulse 
tram signal KNCK. The second pulse of the pulse train signal KNCK also takes the place of the interrupt MN1 . 
The contents of the counter CNTR are renewed at step 522, and at the next step 523, as the S t«mer 127 has 
50 been set, the process jumps to the step 533, then returns to the loop consisting of steps 525 and 526 _ 50 
In the same way, at the third or further pulse of the pulse train signal KNCK, an interrupt NM I occurs^ Then, 
as it is determined that the contents of the S-timer have reached the predetermined value at the step 526, the 
' process proceeds to a step 527 to make the report of completion of the timer execution. 

Then at the step 529, the amount AE of correction to the degree of opening of the exhaust by-pass valve 
68 is calculated in accordance with the relationship AE = f (CNTR). Thus, a correction is made to increase the 55 
opening of the exhaust by-pass valve 68 as knocking increases. 

Further, at the step 531 , the contents of the counter CNTR and the S-t.mer are cleared, in orderto prepare 
for the occurrence of further knocking and a correction execution report is made at the next step 532 for the 
task scheduler 508 to demand the execution of correction for knocking in the supercharger control program 
of Figure 14. Afterthe completion of the correction execution report, the process is returned from the step 
533 to the step 500 in Figure 6 to receive a new interrupt. 
Explanation will now be given regarding the processing of the a.r flow rate signal in the A « task 61 0. 
Representing the flow rate (flow rate by mass) of the intake air by g A , the output voltage of th hot w.r 
element 24 is expressed by the following equation :- 



60 
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Representing the output voltage V obtained when the revolution speed N is zero and flow rate q A is zero by 
V = V Q , the equation (1 ) can be rewritten as follows :- 

™ 1 10 

qA ~c* (V 2 -VJ) 2 (2) 

Thus, the mass flow rate q A of air at each moment is determined by the equation (2). Therefore, the mean 
15 airflow rate in each suction stroke of the engine is given by the following equation:- -jg 

n 

n _ Qm + QA2 + Qah _ nZ = 1 <* An 

u a (3) 

n n 

20 20 
The As task 610 performs the calculation of the rate of change of Q A within a predetermined period of time 
in order to determine whether the engine is accelerating or decelerating. Then, during acceleration or 
deceleration, a necessary correction is made directly or in another task such as the fuel injection controlling 
task 61 2. 

25 Figure 14 shows the processing program of the supercharger controlling task 614. At first, a determination 25 
is made as to whether the engine is in the accelerating condition or not, at a step 702. If the rate of change of 
Q A within a predetermined period exceeds a predetermined value, it is determined that the engine is in the 
accelerating condition. This determination is made by processing the As task 610 and taking the result of this 
process. Where the engine is not in the accelerating condition, a determination is made at the next step 704 

30 as to whether the engine is in the state of quick deceleration. It is determined that the engine is in the state of 30 
quick deceleration on condition of generation of the output from the IDLE-SW 148 as full closing of the 
throttle valve 14. 

If the engine is not in the state of acceleration or in the state of deceleration, a calculation of basic by-pass 
valve opening is made at a step 706. After a determination of the speed of rotation Nc of the supercharger, 
35 the opening of the exhaust by-pass valve is investigated from the table stored in the ROM 1 04 to provide the 35 
characteristics shown in Figure 9. The actual table is constructed to provide the on duty of the pulse currents 
applied to the transistors of the actuators 70 in place of the opening of the exhaust by-pass valve 68. 

Then, a determination is made in a step 708 as to whether knocking is taking place. When knocking occurs, 
a correction of the opening of the exhaust by-pass valve 68 is made in accordance with the result of the flow 
40 shown in Figure 13, at a step 710. 40 

Then, at a step 712, the speed of rotation Nc of the supercharger is determined and the opening of the 
intake by-pass valve 92 is investigated from the table stored in the ROM 1 04 providing the characteristics 
shown in Figure 9. 

The pulse for energizing the actuator 70 is delivered at a step 714, whilst the pulse for energizing the 
45 actuator 90 is delivered at a step 716. Then, the process proceeds to task completion in a step 71 8. 45 

If it Is determined at the step 702 that the engine is in the state of acceleration, the speed of rotation Nc of 
the supercharger is determined. If the speed of rotation Nc does not reach 70,000 R.P.M. the exhaust by-pass 
valve 68 is fully closed for a period of m sec at a step 722 and then at a step 724, the intake by-pass valve 92 
is fully closed for a period of t 2 m sec as shown in Figure 10. Then, the valves are actuated in accordance with 
50 this result at the steps 714 and 716, to thereby assist the acceleration ofthe engine. 50 

If it is determined at a step 720 that the speed of rotation Nc of the supercharger is not lower than 70,000 
R.P.M., the opening ofthe exhaust by-pass valve 68 is controlled at a step 726 whilst maintaining the rate 
ANc of increase ofthe speed of rotation Nc of the supercharger within a predetermined range. The purpose 
of this operation is to avoid an abnormal increase of the engine speed attributable to the closing ofthe 
55 exhaust by-pass valve 68 during high-speed running ofthe engine. 55 

If it is determined at the step 704 that the engine is in the decelerating state, the process proceeds to a step 
728 in which the exhaust by-pass valve 68 is fully opened for t 3 m sec and the intake by-pass valve 92 is fully 
opened forti m sec to prevent the generation of surging. 

In the above-described embodiment, the intake and exhaust by-pass valves are actuated by actuators 
60 having solenoids. It will be appreciated that other types of actuators may be used. For instance, it is possible 60 
to use hydraulic pneumatic pressure (vacuum) as the actuating medium. In such a case, the level of th 
actuating power is controlled by a solenoid valve which, in turn, is energized by a pulse signal under a duty 
control. 

Furthermore, in the place of a knock sensor, it is passible to use suitable means for detecting the 
65 combustion pressure in the combustion chamber and for feeding back the result ofthe detection. 65 
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The speed of rotation of the supercharger can be detected by optica! means including a light emitting 
element, light receiving element and a light reflecting body attached to the shaft of the supercharger. 

CLAIMS 

5 5 

1. A supercharger control apparatus for use with an exhaust gas turbine system driven by the energy of 
the exhaust gas from an internal combustion engine and being coupled with a supercharger compressor 
driven by said turbine, and which is coupled to a fluid intake system of the engine to supercharge the engine, 

* the system having a controllable exhaust gas by-pass mechanism for controlling the supply of exhaust gas 
10 to said turbine; said supercharger control apparatus including: 10 

(a) first means for monitoring the operation of said engine; 

(b) second means for monitoring a prescribed operational characteristic of said supercharger; 

(c) third means for storing data representative of the degree to which said exhaust by-pass mechanism 
by-passes exhaust gas from said turbine in relation to the state of operation of said engine and said 

15 supercharger; 15 

(d) fourth means, coupled to said first, second and third means, for generating control signals for 
controlling the operation of said exhaust gas by-pass mechanism in response to data stored by said third 
means and accessed in accordance with outputs of said first and second means; and 

(e) fifth means for coupling control signals generated by said fourth means to said exhaust gas by-pass 

20 mechanism and thereby control the supply of exhaust gas to said turbine. 20 

2. A supercharger control apparatus according to Claim 1, wherein said second means includes means 
for monitoring the speed of rotation of said supercharger, wherein said controllable exhaust gas by-pass 
mechanism comprises an exhaust by-pass valve, and wherein said third means stores data representative of 
the degree of opening of said exhaust by-pass valve in relation to the speed of rotation of said supercharger, 

25 whereby said exhaust gas by-pass valve is controllably opened by the operation of said fourth and fifth 25 
means in response to the speed of rotation of said supercharger. 

3. A supercharger control apparatus according to Claim 2, wherein said first means includes means for 
detecting knocking of the engine and wherein said third means stores correction data for correcting the 
deg ree of opening of said exhaust by-pass valve in accordance with the degree of knocking of the engine. 

30 4. A supercharger control apparatus according to Claim 2 or 3, wherein said first means includes means 30 
for detecting the acceleration of the engine and said third means stores data representative of the closing of 
said exhaust by-pass valve for a prescribed period of time in accordance with the acceleration of the engine. 

5. A supercharger control apparatus according to any one of the preceding Claims 2 to 4, wherein said 
first means includes means for detecting the deceleration of the engine and said third means stores data 

35 representative of the opening of said exhaust by-pass valve for a prescribed period of time in accordance 35 
with the deceleration of the engine. 

6. A supercharger control apparatus according to Claim 1 , wherein said fluid intake system includes a 
controllable intake by-pass mechanism by-passing said compressor for controlling the rate of supply of fluid 
to said internal combustion engine, wherein said third means stores data representative of the degree to 

40 which said intake by-pass mechanism supplies airto said internal combustion engine in relation to the state 40 
of operation of the engine and the supercharger, wherein said fourth means generates control signals for 
controlling the operation of said intake by-pass mechanism in response to data stored by said third means 
and accessed in accordance with outputs of said first and second means, and wherein said fifth means 
couples control signals generated by said fourth means to said controllable intake by-pass mechanism to 

45 thereby control the rate of supply of fluid to said internal combustion engine. 45 

7. A supercharger control apparatus according to Claim 6, wherein said second means includes means 
for monitoring the revolution speed of said supercharger, wherein said controllable exhaust gas by-pass 
mechanism and said intake by-pass mechanism respectively comprise an exhaust by-pass valve and an 
intake by-pass valve, and wherein said third means stores data representative of the degree of opening of 

50 said valves in relation to the revolution speed of said supercharger, whereby said valves are controllably 50 
opened in response to the speed of rotation of said supercharger in accordance with the operation of said 
fourth and fifth means. 

8. A supercharger control apparatus according to Claim 7, wherein said first means comprises means for 
detecting the knocking of the engine and wherein said third means stores correction data for correcting the 

55 degree of opening of said exhaust by-pass valve in accordance with the degree of knocking of the engine. 55 

9. A supercharger control apparatus according to Claim 7 or 8, wherein said first means includes means 
for detecting the acceleration of the engine and wherein said third means stores data representative of the 
closing of said intake and exhaust by-pass valves for respective prescribed periods of time in accordance 
with the acceleration of the engine. 
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10. A supercharger control apparatus according to anyone of the preceding Claims 7 to 9, wherein said 
first means includes means for detecting the deceleration of the engine and said third means stores data 
representative of the opening of said intake and exhaust by-pass valves for respective prescribed periods of 
time in accordance with the deceleration of the engine. 
5 1 1 . A supercharger control apparatus constructed and arranged to operate substantially as herein 5 
described with reference to and as illustrated in the accompanying drawings. 
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